The chemical compositions of the essential oils from the leaves and flowers of Callistemon viminalis and their insecticide and fungitoxic activities were determined. The essential oil was extracted by the hydrodistillation method using a modified Clevenger apparatus. The chemical characterization was performed by GC-MS and GC-FID. The evaluation of the insecticidal activity was performed with the Myzus persicae aphid, and the antifungal potential was determined via the inhibition of the mycelial growth of Alternaria alternata, Fusarium oxysorum and Botrytis cinérea phytopathogenic fungi. The principal components of the essential oils from the leaves and flowers were eucalyptol (84.60% and 61.47%), α-pinene (10.28% and 21.48%) and α-terpineol (2.59% and 2.79%), respectively. The use of a 0.5% concentration of the essential oil from the flowers influenced the preference of aphids and their reproduction. The number of adult aphids decreased within a period of 48 hours in the presence of the essential oil from the leaves. In the test with no chance of choice, the mean number of adults decreased with both oils within 48 hours.
Introduction
The Myzus persicae Sulzer aphid (Hemiptera: Aphididae), known as the peach aphid, is considered to be one of the most harmful species from an agricultural point of view, affecting several vegetable crops of great commercial importance.
In addition, it is the most important vector of Potato Leafroll Virus (PLRV) in potato crops. This aphid causes direct damage through the continuous suction of the sap from the plant and indirect damage via transmission of the vírus. It is the vector of more than 120 plant diseases [1] . In addition to insect attacks, various plant cultures are affected by phytopathogenic microorganisms, of which fungi occupy a prominent place because they are the principal cause of diseases in plants.
Their action results in significant losses in production, as well as damage to grains during storage, reduction of nutritional value and even the production of mycotoxins harmful to humans and animals [2] [3].
For many years, the most widely used pest control method has been and still is the systematic spraying with synthetic pesticides. However, the indiscriminate use of these compounds has been limited because, in addition to possessing carcinogenic and teratogenic properties and causing damage to the environment, incorrect handling can lead to the resistance of these pests. Thus, products of natural origin, which have effects similar to those of the synthetic compounds used and which are more selective and less aggressive, have become increasingly important so that these products can be associated with the compounds already used for this purpose or even replace them.
The biological properties of many natural products have been the target of several studies, and they have shown promising results that enable their use as an alternative to products of synthetic origin. Among the products of natural origin are the essential oils, which are secondary metabolites produced by plants and are complex mixtures of low molecular weight, odoriferous and lipophilic substances that consist mainly of terpenoid compounds (mono-and sesquiterpenes) and phenylpropanoids [4] . Essential oils have many applications in pharmaceutical compounds, in the cosmetics industry, and agronomy, among others [5] .
Brazil has a large variety of flora, which facilitates the study of the biological properties of the species that compose it. Callistemon viminalis, popularly known as bottle brush, is an ornamental plant belonging to the Myrtaceae Fami-
T. A. Sales et al. American Journal of Plant Sciences
ly. It is found in different localities, except in environments with a cold and dry climate [6] . The essential oil from this species can be found in both the flowers and the leaves, and there are studies that demonstrate antibacterial, allelopathic, and antioxidant activities for the essential oil from the leaves [7] [8] . However, there are no studies that report the biological potential of the essential oil from the flowers. The objective of this work was to characterize the essential oils from the leaves and flowers of Callistemon viminalis, as well as to evaluate their insecticidal activities against Myzus persicae and their fungitoxic activities against Fusarium oxysporum, Botrytis cinerea and Alternaria alternata phytopathogenic fungi.
Material and Methods

Collection of Plant Material
The leaves and flowers of C. viminalis were collected at the Campus of the Fed- 
Extraction of Essential Oils
The essential oils were extracted by the hydrodistillation technique using a modified Clevenger apparatus. The extraction was performed over a period of two hours at ±98˚C [9] . After extraction, the hydrolates from both oils were centrifuged at 965 g for 5 min at room temperature using a bench top centrifuge. The oils were removed with the aid of a Pasteur pipette, packed in a glass vial, protected from moisture and light and stored at 4˚C. Simultaneously, the moisture content was determined [10] . The yield was calculated and expressed as mass of oil per mass of plant material on a moisture free basis (% m/m in MFB).
Chemical Characterization
The constituents of the essential oils were identified using a gas chromatograph coupled to a mass spectrometer (GC/MS-Shimadzu, model QP 5050A) under the following experimental conditions: fused silica capillary column (30 m × 0.25 mm) with a bound DB5 phase (0.25 μm film thickness); He was the carrier gas with a flow rate of 1.0 mL•min −1 ; the temperature was programmed, starting at 60˚C, followed by an increase of 3˚C min −1 to 240˚C, and then 10˚C min −1 to 300˚C, where the temperature was maintained for 7 min. The injector temperature was 220˚C, and the detector (or interface) temperature was 240˚C; the volume of the sample injected was 0.5 μ, diluted in hexane; the split ratio was 1:100, and the column pressure was 71.0 kPa. The conditions of the mass spectrometer were the following: scanning detector, 1000; scanning interval of 0.50 fragments and fragments detected in the range of 45 to 500 Da. A series of linear hydrocarbon patterns (nC 8 -nC 18 ) was injected under the same conditions as those of the sample, and the Van den Dool and Kratz equation was used to calculate the retention index [11] . For the identification of the compounds, the spectra were compared with the NIST107 and NIST21 library databases, and the retention index, calculated for each constituent, was compared with the tabulated values [12] .
The quantitative evaluation was performed by means of normalization of area (%) using a Shimadzu CG-17A gas chromatograph equipped with a flame ionization detector (DIC) and the same operating conditions as those used in the identification of the components. The detector temperature was 280˚C.
Insecticidal Activity
The non-preference test of the Myzus persicae aphid was used for the evaluation of the insecticidal activity employing tomatoes treated with essential oils. The tests were performed with and without the opportunity for choice [1] . Tomato planting was accomplished using pots with a capacity of 1 kg of soil where the tomato seeds of the Santa Clara cultivar were planted. The aphids were collected in the field. They were brought to the laboratory and raised in cages with "Joá de capote" (Nicandra physaloides) in an environmental chamber at 25˚C ± 2˚C and a 12-hour photoperiod. For the trials, adult aphids of uniform size were chosen.
The tomato leaves were separated, and sections were cut with the aid of a circular plastic cutter 4 cm in diameter. These sections were sprayed with the samples in the abaxial part to the point of total drainage and fixed in Petri dishes on a 25 mL layer consisting of 1.0% agar. The plates were covered with PVC film punched with a pin. The treatments used were T1-water with Tween 80; T2-0.1% essential oil; T3-0.5% essential oil.
For the test with choice, each Petri dish contained a leaf section from each of the three treatments arranged in a circle to form an arena. In the center of each plaque, 15 adult and aphtero aphids (M. persicae) were released. In the test with no chance of choice, each Petri dish contained a leaf section from each treatment located in the center of the plate. Five M. persicae adults were released. The plates were maintained in the climatic chamber at 25˚C ± 2˚C with a 12-hour photophase. The evaluations were performed 24, 48 and 72 hours after the release of the aphids by counting the number of aphids and nymphs on each leaf section.
The data were submitted to analysis of variance, √(x + 0.5) transformed, with plots subdivided in time, and the means were compared by the Tukey test at the 5% probability level. The experimental designs were a completely randomized block design (CRBD) and a completely randomized design (CRD), with ten replications, for tests with and without a choice, respectively. The statistical program used was SISVAR [13] .
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Evaluation of the Antifungal Activity of Essential Oils
The study of fungitoxic activity of the essential oils was performed in the Laboratory of Mycology of the Department of Phytopathology of the Federal University of Lavras. Fusarium oxysporum, Botrytis cinerea and Alternaria alternata were obtained from the department's library. To evaluate the antifungal potential of the essential oils, the modified Agar Dilution method [14] . The mixtures were then poured into 5-cm-diameter Petri dishes. After solidification of the medium, 4-mm-diameter discs were removed from pure cultures of each fungus and place on the center of each plate. Together with the treatments, relative controls containing water/Tween 80 solution and an absolute control consisting only of the Malt/Agar medium were prepared. For each treatment and for each control, four replications were performed. When the mycelial growth of the absolute controls reached the edge of the plates, diametrically opposite measurements were made of the mycelial growth of the other samples. The results were expressed as percent inhibition of mycelial growth.
Results and Discussion
The moisture contents of the leaves and flowers of C. viminalis were 47% and 20.6%, respectively. The essential oil content of the leaves was 1.14%, and that of the flowers was 0.092%. Studies carried out with plants of this same species collected in Brazil and in other countries resulted in lower yields of essential oil from the leaves than that observed in this work. Srivastava et al. [15] evaluated the essential oil from the leaves of C. Viminalis collected in India and obtained a yield of 0.45%. Oyedeji et al. [16] found 0.90% of the essential oil in leaves of plants collected in South Africa. In Brazil, Silva et al. [17] studied the essential oil from C. viminalis and obtained a yield of 0.3%. However, the essential oil content found in flowers was lower than that reported by Pires et al. [18] , who observed a content of 0.30% of essential oil in fresh flowers, and by Oliveira et al. [7] , who reported a yield of 0.24% on a moisture-free basis. According to Gobbo-Neto and Lopes [19] , these variations can be attributed to differences in seasonality, temperature, and soil type, among others. However, all the studies have shown that the yield of the essential oil from the leaves is greater than that from the flowers.
The compounds identified in the essential oils of the leaves and flowers of C. viminalis, together with the calculated retention indices and contents expressed as percentage are shown in Table 1 . The principal compounds of the essential oils in the leaves and flowers were eucalyptol (leaves, 84.60%; flowers, 61.47%), followed by α-pinene (leaves, 10.28%; flowers, 21.48%) and α-terpineol (leaves, 2.59%; flowers, 2.79%). The principal components of both essential oils (Table 1) are the same. However, their percentages are different, in addition to the fact that the flower oil has a higher percentage of minor compounds than the essential oil from the leaf.
The appearance of new organs in the plant, as is the case with blossoming, increases the biomass of the plant and the concentration of metabolites may decrease because they can be redistributed by the plant. In addition, the leaves and flowers are located in different parts of the plant and might undergo different types of stress, which might influence the essential oil content [20] .
Pires et al. [18] analyzed the chemical composition of the essential oils from fresh leaves, dried leaves and flowers of C. viminalis and found eucalyptol (fresh leaves, 70.43%; dry leaves, 71.71%; flowers, 42.39%) to be the principal component, followed by tricyclene (fresh leaves, 12.97%; dry leaves, 8.20%; flowers, 28.08%). Previously, Quijano-Celis et al. [20] observed that eucalyptol (39.4%), α-pinene (8.9%), α-phellandrene (8.6%) and α-terpineol (6.1%) were the principal components. Shreeya et al. [21] also observed that 1,8-cineole and α-pinene, the main monoterpenes, were the principal components of this oil.
Eucalyptol was found to be the principal compound by all the authors, data that corroborate those observed in the present study. However, there is a variation in the other components. As already mentioned, the production of secondary metabolites can be influenced by several factors, and quantitative and qualitative variations in the contents of essential oils are associated with genetic, environmental and physiological demands, such as growth, reproduction and defensive mechanisms of the plant.
The results of the assays for insecticidal activity of the essential oils are described in the tables below. In the test with an opportunity for choice (Table 2) , the preference of the adult aphids in the sections, or their reproduction, was not influenced by the different concentrations of the essential oil from the leaves of C. viminalis. There was no statistical variation in the number of adults and nymphs in each treatment relative to the control. The average number of adult aphids present in the treatment with the essential oil from the flowers in the concentration of 0.5% was statistically different and smaller than that of the control, showing that the insects had a greater preference for the control section. In addition, the reproduction of aphids was influenced by the 0.5% concentration of the essential oil from C. viminalis flowers. The number of nymphs present in the leaf section with this treatment was lower than those observed in the treatment with 0.1% of the essential oil and the control.
The effect of the essential oils from the leaves and flowers of C. viminalis on the number of M. persicae adults and nymphs as a function of time (hours) is described in Table 3 . The essential oil from the leaves ( Table 2 ) interfered with the preference of aphids when they had contact with the oil during a period of 48
hours. There was a decrease in the number of adults after this period. The mean was statistically lower than that observed after 24 hours. The application of leaf oil did not favor the reproduction of the aphids until the time of 42 hours, after which there was an increase in the mean number of nymphs. The means observed T. A. Sales et al. The means followed by the same letter in the column do not differ statistically from one another by the Tukey test at the 5% probability level.
with the essential oil from the flowers remained constant over time, indicating that it had no influence on the preference of the adults for the leaf sections or their reproduction. The activity related to the oil from the flowers remained independent of the variation in time at the concentration of 0.5%, whereas it did not remain constant at the concentration of 0.1%. Some differences in the compositions of the essential oils from the leaves and flowers of C. viminalis exist; some of the minor compounds present in the essential oil from the flowers are not present in the essential oil from the leaves. In addition, the percentage of α-pinene is higher in the essential oil from the flowers. These differences might be linked to the greater activity of the essential oil from the flowers. Although the principal components are the same, the minority compounds can potentiate the activity through synergism, or they might even be responsible for the differences in activity.
Regarding the no-choice test, which evaluated the toxicity of the essential oils, the essential oils from both the leaves and the flowers were not toxic to insects, regardless of the concentration used (Table 4 ). There was no statistical variation in the number of adults or nymphs in both treatments. Because the activity of the essential oil from the flowers in the test with a chance of choice varied with the concentration and no activity was observed in the test without choice, it can be inferred that the oil interferes in the preference and oviposition of M. persicae, but it is not toxic to the aphid. The effect of the contact time of the insects with the essential oils is presented in Table 5 . At the 48-h interval, there was a difference in the mean number of adults present in the leaf sections for both oils. However, after this interval, no statistical difference in the mean number of aphids was observed. Thus, the interval of 48 hours is the optimum time for activity to be observed. Prior to this time, the essential oils were not toxic to adults. There was no significant difference in the mean number of nymphs between the treatments and the control for both the leaf oil and the flower oil when the concentrations of the oils were varied.
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Zandi-Sohani et al. [22] evaluated the repellent and insecticidal activity of the essential oil from Callistemon citrinus (Myrtaceae) against adult Callosobruchus maculatus (F.) (Coleoptera: Bruchidae) males and found that the oil was toxic to adults in the fumigation test. The results varied according to the time of exposure of the insect to the oil. The LD 50 values found were 12.88 and 84.4 μL•L −1 for males and females, respectively. The essential oil from C. citrinus also had a repellent effect against C. macullatus. The principal components [1.8-cineol (34.2%) and α-pinene (29.0%)] found in C. citrinus oil were the same as those of the essential oils analyzed in the present study, and it can be inferred that these compounds are related to the insecticidal activity of the essential oils from the C. viminalis leaves and flowers. The evaluation of contact toxicity of C. viminalis leaves against Acanthoscelides obtectus and Callosobruchus maculatus (Coleoptera: Bruchidae) adults were evaluated by Ndomo et al. [6] . The results obtained for the fumigation experiments showed that C. maculatus and A. The means followed by the same letter in the column do not differ statistically from one another by the Tukey test at the 5% probability level.
inhibition of mycelial growth of F. oxysporum by the essential oils from the leaves and flowers of C. viminallis is presented in Table 6 .
As can be seen, the mycelial growth of the microorganism in question was inhibited by the 100 μL•g −1 concentration of the essential oil from the flowers.
The inhibition caused by flower oil was almost twice that from the leaves.
The essential oils were also able to inhibit the growth of B. cinerea, as shown in Table 7 .
The authors observed an in vitro inhibitory effect of S. molle essential oil on Alternaria spp., Fusarium spp., Collethotricum spp. and Botrytis spp., whereas the essential oil of S. terebinthifolius had a more pronounced fungicidal effect against Botrytis spp. The authors also address the complexity of the chemical composition of essential oils and the difficulties in assigning their biological activities to isolated compounds present in the oils, since interactions between the compounds may occur. In addition, the presence of constituents such as citral, pinene, eucalyptol, (E)-caryophyllene, β-elemene, furanodiene, limonene, eugenol and carvacrol may influence the biological activity of the oil.
Essential oils from both leaves and flowers of C. viminalis showed similar major compounds differing only in their percentages. In addition, some of the minor compounds were different. Both oils had an inhibitory effect against two of the three evaluated fungi, and repellent against the insect M. persicae, being more efficient in combating fungi. Thus, these can be considered as an alternative source of compounds possessing activity on insects and pest microorganisms. However, for these products to be marketed, it will be necessary to continue this work with new tests that make feasible the use of these in integrated pest management.
The essential oil from the leaves was the most efficient (Table 7) , presenting a significantly higher inhibition. In general, the inhibition of the growth of B. cinerea by the leaf essential oil was greater. There are a multitude of factors that might be responsible for the differences in the activities of the two oils, such as the differences in chemical composition. As mentioned above, they contain the same principal compounds, but in different percentages. The less abundant The means followed by the same letter in the column do not differ statistically from one another by the Tukey test at the 5% probability level. compounds are present in different concentrations. The mechanisms of action of the oils might not be the same because of the morphology of the fungus.
Because both oils had an inhibitory effect on the two fungi (B. cinerea and F. oxysporum), with differences in the percentages of inhibition, it is assumed that the compound or compounds responsible for the inhibition of mycelial growth are present in the essential oils from both the leaves and the flowers in different percentages. However, the compounds responsible for the inhibition of fungal growth are not the same, because the essential oil from the flowers was more effective against F. Oxysporum, whereas the oil from the leaves presented greater activity against B. cinerea. Because of the chemical complexity of the essential oils, the activity cannot be attributed to any specific compound without further testing.
Many essential oils that have inhibitory activity against fungi and bacteria contain α-pinene as a principal component, such as the essential oil from Rosmarinus officinalis, for which there are several reports in the literature regarding its activity against species of Candida. Freire et al. [23] evaluated the activity of the essential oil from R. officinalis against strains of the Candida albicans and Candida tropicalis fungi and observed that the inhibitory activity increased with the duration of exposure of the microorganisms to the oil.
The essential oils from Schinus molle L. and Schinus terebinthifolius were characterized by Santos et al. [2] . The oil from S. molle contained principally α-pinene and sabinene, and the oil from S. terebinthifolius contained α-pinene, sabinene and bicyclogermacrene. The authors observed an in vitro inhibitory effect of the essential oil from S. molle against Alternaria spp., Fusarium spp., Collethotricum spp. and Botrytis spp., whereas the essential oil from S. terebinthifolius presented a more pronounced fungicidal effect against Botrytis spp.
The authors also addressed the complexity of the chemical composition of essential oils and the difficulties in assigning their biological activities to isolated compounds present in the oils because interactions between the compounds can occur. In addition, the presence of constituents such as citral, pinene, eucalyptol, (E)-caryophyllene, β-elemene, furanodiene, limonene, eugenol and carvacrol might influence the biological activity of the oil.
Conclusion
Essential oils from both the leaves and flowers of C. viminalis contained similar principal compounds, differing only in their percentages. In addition, some of the compounds present in smaller amounts were different. Both oils exhibited an inhibitory effect against two of the three fungi evaluated and a repellent activity against the M. persicae, being more efficient in combating fungi. Thus, these oils can be considered to be alternative sources of compounds possessing activity against insects and microorganism pests. However, for these products to be marketed, it will be necessary to continue this work with new tests that make the use of these products in integrated pest management feasible.
